Develop analytical chemistry protocols to detect the • fate of contaminating species within fuel cells.
Determine through controlled laboratory • experiments and literature the main drivers for decay.
Develop analytical models and computer • simulations that explain and predict these effects.
Validate contaminant models through single cell • experimentation using standardized test protocols.
Develop and validate novel technologies for • mitigating the effects of contamination on performance.
Disseminate results through outreach activities. •
Technical Barriers
This project addresses the following technical barriers from the Fuel Cells section (3.4.4) 
Accomplishments

Hydrocarbon Testing
Completed testing of the most critical hydrocarbon • species likely to be present in hydrogen fuel streams including: formic acid, formaldehyde, methane, ethane, ethylene and acetaldehyde.
Developed analytical procedures and mixing • protocols for evaluating concentrations of acetaldehyde, formic acid, and formaldehyde in the fuel stream.
Other Impurities
Evaluated the effects of several likely concentrations • of ammonia on polymer electrolyte fuel cells (PEFCs) and characterized its effects on membrane integrity in the ammonium form.
Introduction
PEFCs show significant promise in providing efficient, clean power for stationary and transportation applications. The technology has shown limitations relative to long-term durability goals, particularly with regard to the operational lifetime of membrane electrode assemblies (MEAs). One of the causes for this is the introduction of impurities into the fuel stream that impacts the functionality of ion exchange groups within the electrolyte, degrades catalyst activity, and function causing voltage to degrade.
V.C.3 Effects of Impurities on Fuel Cell Performance and Durability
DOE Hydrogen Program FY 2010 Annual Progress Report
The technical issues addressed center around the identification of impurity species located in the fuel stream that may have an effect on overall fuel cell performance, and evaluation of these effects against standard test protocols. The U.S. Fuel Cell Council in conjunction with Japanese Automobile Research Institute and others have been developing hydrogen quality standards and procedures for contaminant testing of PEFCs. These studies provide the background and basis for the initiation of our research.
Approach
This project is focused on the experimental determination of the effects of key impurities on the performance of PEFCs. Experimental data collected from test protocols will be leveraged to create mathematical models that predict performance of PEFCs exposed to specific impurities. These models will be validated through laboratory experimentation and will be utilized to develop novel technologies for mitigating the effects of impurities on fuel cell performance. The effects of cationic impurities on the fundamental physiochemical properties of perfluoroionomer membranes are also being evaluated. Results will be publicly disseminated through papers, conference presentations, and other means.
Results
Hydrocarbon Impurities -Based on input from working groups and industry, our team has focused our efforts on the evaluation of hydrocarbons and halogenated compounds using very specific test protocols developed as part of a multi-laboratory collaborative effort. We have focused our efforts on the evaluation of molecules that may be present in a candidate hydrogen fuel stream in order to evaluate the effects of functionality and molecular size (e.g. number of carbon atoms).
In support of this, our team has developed techniques to prepare accurate mixtures of impurities in hydrogen and to determine the level of impurities entering the fuel cell through the hydrogen stream. A gas chromatograph has been utilized to characterize both the mixtures entering the fuel cell and those exiting the fuel cell in an effort to assess accumulation and reaction of impurity species within the fuel cell reactor. Studies have focused on the evaluation of gaseous impurities, volatile liquids and less volatile liquids. Testing of many of the less volatile liquids requires the use of a saturator apparatus (Figure 1 ) that we developed specifically for these experiments.
Testing has been established as a series of 100-hour test runs using up to 5% of the contaminant in the fuel stream with the cell construction as defined in Table I . Testing was conducted at 200, 600 and 800 mA/cm 2 with standard test conditions defined below in Table 2 . Conditions were modified as defined to achieve better performance stability during testing.
Acetaldehyde -The effect of acetaldehyde (CH 3 CHO) on cell performance was investigated at an impurity concentration of 30 ppm. Cell performance immediately dropped with 30 ppm acetaldehyde in the fuel stream. At the conclusion of the contaminant test, recovery was attempted using pure H 2 as fuel to run the fuel cell, and cell performance was restored to pre-contaminant injection performance. Figure 2a provides these test results. Our conclusion is that a Formaldehyde -Testing of the effect of formaldehyde (HCHO) on cell performance was investigated at impurity concentrations of 1 ppm and 5 ppm. No significant influence on cell performance was found during these lower concentration impurity tests (Figures  2b and 2c) .
Ethylene -Testing of the effect of ethylene (C 2 H 4 ) on cell performance was investigated at impurity concentrations of 5%. No significant effect on cell performance was observed (Figure 2d ).
Formic Acid -Testing of the effect of formic acid (HCOOH) on cell performance was investigated at impurity concentrations of 2 ppm and 100 ppm. No significant effect on cell performance was found during the 5 ppm impurity tests (Figure 2e ). Some degradation was found in the 100 ppm formic acid test ( Figure  2f ). Cyclic voltammetry (CV) scans performed at 20 mV/sec before and after the impurity tests showed that electrochemical area of the cathode decreased, signifying that HCOOH has a negative effect on the cathode catalyst. Similar scans were also performed every 20 hours (Figure 3a ) during contamination and recovery periods to provide detail of the mechanism for contamination on the cathode. Pure nitrogen was fed to the cathode at 250 sccm, while HCOOH/H 2 was fed to the anode at 250 sccm. The CV scans indicate a decrease in H 2 absorption peaks and an oxidation peak at 0.6 V which could be caused by absorbents on Pt surface. An individual CV scan is shown in Figure 3b . Each scan consists of four cycles. In the first CV cycle, the hydrogen absorption peak nearly disappeared. The Pt surface seems to be covered by absorbents (peaks at 0.4 V and 0.6 V that are not seen with pure H 2 ). Absorbents are oxidized around 0.4 V and 0.6 V in the 1st cycle. In the next three cycles, recovery of H 2 absorption peak is observed, but evidence of surface coverage still exists. Mechanistic studies to evaluate the specific effect of formic acid on cell components using analytical tools, rotating disk electrodes and hydrogen pump experiments are underway.
Methyl Chloride -Testing of the effect of methyl chloride (CH 3 Cl) on cell performance was investigated at impurity concentrations of 1 ppm and 19 ppm. No significant effect on cell performance was found during these impurity tests (Figures 2g and 2h) .
Testing is summarized in Table 3 . Testing has indicated little effect of simple hydrocarbon species on fuel cell performance; however, more complex species do seem to affect performance.
Cationic Impurities -The effect of ammonia contamination on PEFCs was investigated with pseudo-reversible hydrogen electrodes. It was found that NH 4 + affects the anode causing an increase in the overpotential in a hydrogen pump cell. Figure 4a shows the overpotential variations of the anode and the cathode respectively during contamination and recovery. 50 ppm NH 3 in H 2 can significantly affect the electrochemical kinetics on the electrodes. The initial drop of the overpotential is due to the poisoning effect of NH 4 + on pseudo-reversible hydrogen electrodes. In a fuel cell, NH 4 + was also found to affect the anode, however, the anode performance loss was less than on the cathode (Figure 4b ).
Conclusions and Future Directions
Conclusions
Simple hydrocarbons including methane, ethane, • ethylene and acetaldehyde, particularly in low concentrations do not significantly affect fuel cell performance.
Simple halogenates such as methyl chloride in low • concentrations do not affect performance Acetaldehyde impurities show some effect on • performance at higher concentrations.
Formic acid impurities affect performance at • higher concentrations likely due to adsorption on the electrode surface as well as the formation of reaction byproducts such as CO.
Testing has shown both anode and cathode • performance impacts of ammonia. 
Future Directions
